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Abstract 
Soil erosion represents a serious problem in Romania and there is an urgent need for better antierosional management 
practices, based on quantitative information about the erosion pattern and aggradation rates. The aim of the study was 
to quantify the medium-term soil redistribution pattern in a pasture land from the Prodaia Valley hydrographical 
basin, Cluj County, Romania using a theoretical conversion model for uncultivated soils. Five sampling points were 
considered for establishing the 137Cs concentration at the reference site and the average inventory result was 3 160 ± 
247 Bq m-2 (mean ± 95% confidence interval), with a variation coefficient (CV) of 27.44%. Two downslope transects 
were established for sampling and cesium inventories for all sampling points ranged from 1 157  ± 101 Bq m-2 to 4 
629 ± 210 Bq m-2. The spatial patterns of the 137Cs inventories showed a very good concordance with the soil 
redistribution rates. The net erosion rate obtained using the Profile Distribution Model was -5.8 t ha-1 yr-1 and the 
sediment delivery ratio was 81%. It has been obtained a lower value of the net erosion rate in the field than using 
conventional small erosion plots. The complex geomorphology of the study field appeared to have a significant 
influence on erosion or deposition rates and it could not be entirely represented by small erosion plots. 
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1. Introduction 
Globally, climate changes and inappropriate use of the land tend to increase and accelerate its 
degradation [1]. The first systematic evaluation of the state of the human environment, carried out 
between 1987 and 1990 by the International Soil Reference and Information Centre (ISRIC), in 
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cooperation with the United Nations Environment Programme (UNEP), was the Global Assessment of the 
Status of Human-Induced Soil Degradation (GLASOD project) [2]. According to this map, Romania is 
among European countries with large areas subject to soil erosion, especially in Transylvania region, 
having 39.13% severe and very severe degraded land [3]. Although, the estimates of the extent affected 
are very rough for a local scale, and the present estimates and mapping must be refined. 
An inexpensive and less time-consuming method for establishing the erosion level in a pasture land [4] 
is applied within this study, using the anthropogenic radionuclide 137Cs. With a half-life of 30.2 years, it 
has been used for decades as a valuable tracer in many environmental study cases and also to generate 
data on medium-term rates of soil redistribution (45 years) [5, 6]. Cesium is an artificial radionuclide 
released in the atmosphere after nuclear accidents (e.g. Chernobyl) or the nuclear weapon tests that took 
place from the beginning of 1950s to the early 1970s [7, 8]. The Fukushima radioactive release from 
March 11, 2011, had an insignificant contribution to the total 137Cs inventory in Cluj area [9,10] 
As demonstrated by the many studies [7] dealing with the use of 137Cs in erosion studies, this approach 
has provided very effective means of quantifying the erosion and sedimentation rates, representing a 
valuable complement to conventional measurement techniques [11,12]. Resulting measurements provide 
data that integrate the effects of all processes leading to soil redistribution and frequently cannot be 
obtained using conventional methods. Erosion and deposition rates can be estimated using mathematical 
models that define the relationship between increases or decreases in radionuclide inventory related to the 
reference inventory [4, 13]. Traditional methods used to measure soil erosion require a long time, and 
experimental results for a parcel cannot always be compared with each other. This method represents a 
valid alternative compared to traditional methods [14]. 
The 137Cs technique was successfully used in eastern Romania, on the Moldavian Plateau region, to 
evaluate the development of gullies near Perieni area and to assess reservoir sedimentation rates [11, 15]. 
No erosion studies were published on this approach until now, regarding the soil redistribution rates for 
the Romanian uncultivated fields. The present work presents the preliminary results of a study aiming to 
estimate the soil erosion rates using a simple exponential profile distribution model. The objective of this 
investigation was to derive the 137Cs deposits into medium term rates of soil erosion for Romanian pasture 
land, namely Jucu area, in order to contribute to the improvement of the land management in territory. 
2. Methodology 
The study field was represented by an exhausted land of the Jucu Experimental Research Station 
( -west extremity of the Transylvanian Plain. 
The land is characterized by a complex geomorphology, with prominent acclivities and falls in the north-
eastern part. The climate in this area is temperate-continental, with an annual average rainfall of 583. ± 
125.9 mm/yr at the Meteorological Station from Cluj-Napoca [16], about 15 km away. The study area has 
about 2.7 ha, with a mean slope of 10% and a maximum altitude of approximately 344 m, on the highest 
point. The soils are characterized by a clay loam surface texture and a pH of about 10. The land cover was 
permanent pastoral land and grass land, with no changes in the land use for the last 50 years. A flat 
terrace with low herb cover situated on about 500 m in the west of the study site was chosen as reference 
site. 
Collection of soil samples was undertaken between November 2010 and July 2011. Twelve soil 
profiles were sampled out of a depth of 40 cm along two parallel transects of the study site using a 
cylindrical steel corer with an inner diameter of 5.5 cm.  
The soil cores of the first transect were depth-incremental sampled, with an increment of 2.5 cm (until 
the depth of 15 cm) or 5.0 cm (from 15 cm to 40 cm). The distance between each profile of the same 
transect was chosen according to the land micro topography and laid between 20 m and 50 m. The 
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average distance between transects was about 100 m, lower at the top of the slope and larger at the base of 
it. The existing constructions and human activity disturbed the soil on the base of the field and therefore 
no sampling points were taken in 100 m area at the bottom of the slope. The location of the study field is 
presented in Fig.1. Geographical coordinates and altitude were obtained from GPS readings. 
 
 
 
 
 
 
 
 
Fig. 1. Location of the study site 
Five sampling points (four composite bulk cores and one depth incremental profile) were set up for the 
reference site, spaced 10 m away from each others. Each composite sub-sample was established to have 
equal size and included the 137Cs inventories from 3 sampling points corresponding to a depth of 10 cm. 
The reference soil cores were sampling down to the depth of 30 cm and each soil profile contained three 
composite subsamples. 
Soil samples were air-dried at least one day at room temperature and oven-dried at 105°C for about 24 
h. Then the soil was grounded to pass a 2-mm sieve to give a constant density and enclosed in 90 ml 
cylindrical plastic samplers. Cesium was determined by non-destructive direct gamma spectrometry by 
counting its 662 keV energy line. The measurements were conducted using the Maestro-32 gamma 
software and two high purity germanium detectors from EG&G Ortec with 34.2% and 30% relative 
efficiency, respectively. The counting times generally ranged from 60 000s to 80 000s in order to obtain 
reasonable activity values for the samples with low 137Cs content. The standard error ranged from 3.3% to 
14.2% for the bulk samples and from 1.5% to 44.0% for the sectioned samples at the 95% confidence 
level. The detectors were directly calibrated using the IAEA-375 standard source of known 137Cs activity. 
Total areal activity or inventory Aa (Bq m-2) of a sampling point was calculated using the following 
equations: 
Aa = (1/S) TiAi)                                                                                                                  (1)  
for sectioned cores, where MTi - the total mass of the i section (kg), i - the sub-sample number, Ai - the 
activity concentration of the subsample of the i section (Bq kg-1), S - the corer area (m2) 
Aa = AMT/S                                                                                                                               (2) 
for bulk cores, where MTi - the total mass of the bulk core (kg), i is the sub-sample number, Ai is the 
activity concentration of the bulk core analyzed (Bq kg-1), S - the corer area (m2) 
The 137Cs inventories were corrected for radioactive decay with the day of the first sampling 
(November 1, 2010) and the given values were given in the form of inventory ± 95% confidence interval. 
The 137Cs methodology used to determine soil redistribution rates was based on a comparison between 
the 137Cs inventories for the sampling points with the inventory of the local reference area. For a 
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deposition area, the 137Cs inventory is greater than the reference inventory. In contrast, in a place where 
soil erosion occurs, the 137Cs inventory is less than the reference inventory. This simple comparison 
allows appreciating soil redistribution pattern, erosion and deposition areas. 
The Profile Distribution conversion model developed by Waling and He [13] was used to convert the 
fallout radionuclide data into soil erosion and deposition rates. This model describes the exponential 
depth distribution of 137Cs for undisturbed soils by the following function: 
ref (1-e-x/h0)                                                                                                   (3) 
Where: x - mass depth from soil surface (kg m-2) - 137Cs amount above depth x (Bq m-2), Aref  
reference inventory for the study area (Bq m-2) and h0 - coefficient describing profile shape (kg m-2) 
Assuming that the total fallout occurred in 1963 (the maximum bomb fallout) and the depth 
distribution of 137Cs in the soil profile is independent of time, the erosion rate Y (t ha-1 yr-1) can be 
estimated like follows [4]: 
Y = - [10/(t-1963)] ln[(1-X/100)] h0                                                                         (4) 
Where: t - the year of sample collection (yr), X - the percentage reduction in the reference inventory, 
considering the values for the reference inventory, Aref (Bq m-2) and the total measured 137Cs inventory at 
the sampling points, A (Bq m-2): 
   [(Aref-A)/Aref] 100                                                                                                  (5) 
3. Results and discussion 
In order to apply the Profile Distribution Model, the local reference 137Cs deposit must be established. 
The total reference 137Cs inventory for the study area was derived as the average values from five 
reference points. The resulted inventories ranged from 2 386 ± 540 Bq m-2 to 4 586 ± 239 Bq m-2, and 
indicated an admissible degree of spatial variability in 137Cs areal activities (Fig.2). 
An incremental depth analysis of 137Cs concentrations in soil was performed to determinate the profile 
distribution of Cesium and its maximum depth. 87% of the 137Cs mass activity was found in the upper 10 
cm layers representing an integrated value of 56.33 ± 2.55 Bq kg-1. No Cesium was detected below 25 
cm. The vertical profile of 137Cs in this area shows an exponential decrease at depths between 5 cm and 
15 cm. Fig.3 presents the 137Cs depth distribution in the sectioned core collected from the reference site 
with a total inventory of 2 589 ± 164 Bq m-2. 
 
 
 
 
 
 
 
 
Fig. 2. Total 137Cs inventories (Bq m-2) in the selected reference points 
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Fig.3. The 137Cs depth distribution in the reference site (soil profile code REF5) 
The vertical distribution of 137Cs showed a relatively deep penetration of this radionuclide in the soil, 
most probably due to the lower soil bulk density of 1 214 kg m-3 in the upper 30 cm. Fujiyoshi and 
Sawamura [17] remarked that the initial migration of radiocesium into the soil profiles following 
atmospheric deposition is quite rapid in contrast with the subsequent movement because 137Cs is sorbed 
onto the soil clay minerals, silt and humic substances. Zhang et. al. [18] also found a greater deep of 
penetration associated with 137Cs for the reference site of waste grass land in the Sichuan Hilly basin, 
China. 
The mean reference inventory resulted from both the incremental and bulk cores was 3 160 ± 247 Bq 
m-2; standard deviation (SD): 867 Bq m-2. The variation coefficient (CV%) of the 137Cs inventories in 
reference sampling points was 27.44%, higher than the median value of 19.3% assumed by Sutherland 
[19] in his literature review, but although consistent with the CVs for grassland sites (5-41%). Rodway 
and Walling [8] found similar results on three reference sites from south-west England: Bellever and 
Haytor on Dartmoor, and Exmouth on the South West Coast Path. 
There are no lately published data about the cesium inventories in Romania for comparison. Oavath 
and Dovlete [20] published the values of the 137Cs deposits (Bq m-2) in Romania, following the Chernobyl 
accident from 1986. Their results showed a 137Cs inventory for the Cluj area of about 5.5 kBq m-2, 
between April 30, 1986 and May 30, 1986. If this value is decay-corrected for 2010, the Ceasium 
inventory for the study area would be 3 128 Bq m-2, in concordance with the obtained Cesium reference 
value for the Jucu area. Cosma [21] found an areal 137Cs activity of 11.4 kBq/m2 for soil samples 
collected from the Cluj area during the period from 1987 until 1994. The value given by Cosma [21] 
represented the result of 14 measurements. The two different values for Cesium inventories in soil reflect 
the global variability of the 137Cs Chernobyl fallout in Cluj area. 
A depth incremental sampling was performed for six soil cores from the study area (the first transect) 
and the 137Cs vertical profiles for each of them were presented in Fig.4. The total 137Cs inventories for the 
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measured soil profiles ranged from 1 157 ± 101 Bq m-2 to 4 629 ± 210 Bq m-2. The mean CVs were 
36.96% for the first transect and 44.35%, respectively for the second one. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. The 137Cs depth profiles in soil corresponding to the first transect sampling points 
As it can be seen from the figures above, all vertical soil cores showed a constant decrease in 137Cs 
inventories down to the depth of 40 cm, but with different configurations. The differences between the 
resulted patterns of Cesium depth profiles can be due to percolating water, growth conditions of 
microflora or biotic interactions within soil. Mulle-Lemans and Van Dorp [22] concluded that 
137Cs 
within the topsoil. The biodisturbance has also a major effect on the post-depositional movement of 137Cs 
in the soils according to Tyler et al. [23]. The second and the third soil cores (Fig.4) represent 
accumulation and erosion points in the field. The depth distribution for the depositional point was 
conform to the normally expected characteristics of a depositional site, in which 137Cs was found at 
greater depths and greater concentration than the eroding site, as a result of soil accretion.The two 
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transects do not show similar patterns of downslope variation in Cesium inventories (Fig.5). The 
distinction is mostly due to the field topography, with prominent acclivities and falls in the north-eastern 
part of the study field (first transect). The existence of eroding areas downside the slope can be due to the 
morphological pattern of the field. Furthermore it must be considered that the sampling area did not 
reached the bottom part of the slope, where the soil profiles are disturbed by the human activity and the 
137Cs inventories could give inaccurate values. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. The map with the 137Cs inventories (Bq m-2) using ordinary Kriging 
 
The rates of soil loss or deposition can be estimated using the resulted 137Cs inventories when applying 
the Profile Distribution Model described in the section above. Besides the Cs inventories, the model 
involved the determination of the parameter that described the 137Cs profile shape. This can be estimated 
by fitting an exponential function to the depth distribution of the cumulative 137Cs inventory in the 
reference site. In Fig.3. the 137Cs concentration (Bq kg-1) was plotted against the cumulative mass depth 
(kg m-2) and the exponential function was obtained in the following form: f(x) = 39.91 e-0.0119 x. A shape 
factor (h0) of 84.03 kg m-2 was obtained by reversing the coefficient of x from the equation. Rodway-
Dyer [8] found a profile shape factor of 84.4 kg m-2 when estimating the soil redistribution rates on the 
undisturbed land from south-west England. The range of value given by Walling et.al. [4] is ~100 kg m-2. 
Another parameter involved in the model is the particle-size correction factor, which provides the 
means of taking account of the particle-size selectivity of erosion and deposition processes. For this study, 
the par
1. Based on the 137Cs results, the eroding and depositional areas were produced using the Kriging 
interpolation of the Surfer software package 10.0 (Fig 6). There is a substantial degree of agreement 
between the sites with soil accretion/erosion and the points with greater/less 137Cs deposits. This 
correspondence confirmed that the cesium inventories for a sampling site clearly reflect the redistribution 
patterns of the soil from the same field. 137Cs is bound to soil particles and this made it an ideal indicator 
of soil redistribution for this study.  
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Fig. 6. Spatial patterns of soil erosion and deposition rates (t ha-1 yr-1) based on the 137Cs measurements using ordinary Kriging 
 
The soil redistributed rates (t ha-1 yr-1) evaluated from the 137Cs data during the period from 1963 until 
2010 were presented in Table 1: 
Table 1. Soil redistribution rates 
Measure of soil redistribution rate Value 
Gross erosion rate (t ha-1 yr-1)  -7.1 
Mean erosion rate in the eroding areas (t ha-1 yr-1) -9.5 
Mean deposition rate for the depositional areas (t ha-1 yr-1)  5.3 
Net erosion rate (t ha-1 yr-1)  -5.8 
Sediment delivery ratio (%) 
Standard deviation (t ha-1 yr-1) 
Minimum (t ha-1 yr-1) 
Maximum (t ha-1 yr-1) 
81% 
9.6 
-18.0 
8.3 
 
According to the classification of the Research Institute for Soil Science and Agrochemistry from 
Romania [24], these rates represent a low erosion process for the study site. The sediment delivery ratio 
estimated for this field indicates that 81% of the soil mobilized by erosion is transported beyond the field 
and 19% of it is therefore, redeposited further down the slopes. Even if the soil degradation was identified 
in the site, the low redistribution rates obtained can be explained by the existence of the exuberant 
spontaneous vegetation. Wallbrink et. al. [25] suggested that the native grass limits soil and particle 
movement. Moreover, Kato et. al. [26] found different erosion rates in two sites from Kherlen River 
Basin, eastern Mongolia, with different surface vegetation covers. 
study site, erosion studies were conducted by Dârja et. al. [27] from 1988 to 2000. The research methods 
used were: the method of runoff lots and the infiltrameter method on different cultivation variants. The 
rate of eroded soil obtained by traditional approach (the method of lots with controlled runoff) for the lot 
with dead fallow was higher than suggested by the 137Cs data, with a value of 29.507 t ha-1 yr-1. The 
comparison showed that the soil loss rate is different when measure a small runoff plot (4 x 25 m) or a 
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large area (2.7 ha) with heterogeneous surface forms. In addition, the permanent vegetation cover could 
have an important influence on the results. Due to the grazing animals, the density of the grass was lower 
in the bottom part of the field. In Ibadan, Nigeria, Junge at. al. [28] found the same disparity between the 
rates of soil loss measured with the traditional erosion plots and the 137Cs technique. He concluded that 
small runoff plots are unable to replicate the conditions associated with longer natural slopes. 
Nevertheless, Porto et. al. [12] demonstrated the validity of the radiometric approach in the estimates of 
soil erosion by comparison with the measured values from a small catchment in southern Italy. 
The results obtain within this study, using 137Cs measurements for a large area of the field, are likely to 
be more precise than the estimates obtained from small erosion plots, which do not entirely represent the 
morphological pattern of the field. The use of fallout radionuclides in NW Romania to estimate soil 
redistribution rates also bring over some constraints. An appropriate reference site with no inclination and 
covered by perennial grass was quite hard to find in this case, since there are many constructions near by 
and the unoccupied land is intensively used by farmers. Furthermore, a drawback of the Proportional 
Distribution Model is that it fails to consider the time-dependent behavior of both fallout input and 
postdepositional redistribution of 137Cs within the soil profile [4]. 
4. Conclusion 
The 137Cs measurements for assessing soil redistribution rates have been successfully applied in an 
County. The 137Cs inventory of the reference site (3 160 ± 247 Bq m-2; CV = 27.44%) was in good 
agreement with the values given for the radionuclide deposition after the Chernobyl accident, and decay 
corrected with 2010. The radiometric method could highlight the complex geomorphology of the study 
field and integrate all processes involving soil particle movement (both water and wind erosion). It has 
been achieved a very good concordance between 137Cs inventories (Bq/m2) and the obtained aggradation 
rates, which proves that 137Cs can be a valuable tool in erosion/deposition studies of undisturbed fields 
from Romania. 
The results achieved using the 137Cs measurements, provide an estimation of the mean erosion rate 
over a period extending from 1963 to the time of the sampling. The use of the Proportional Distribution 
Model indicated that the annual net soil loss from the study site was -5.8 t ha-1 yr-1. The value of the net 
erosion rate obtained was lower than the equivalent estimates obtained with traditional approaches using 
small runoff plots, which for that matter do not entirety represent the complex geomorphology of the 
field. The use of 137Cs measurements represents a valuable alternative to traditional methods for assessing 
quantitative values of soil redistribution within large fields, providing a basis for antierosional 
management practices in Romania. 
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